
adiation lllebate .‘Is *a” 
Sunday, May 2, 1971 

By Joahus Lederberg 
A Nobel Prize winner, Lederberg is 

professor of genetics at the Stanford 
University School of Medicine. 

N UCLEAR ENERGY has been an 
arena of enormous technical-polit- 

ical controversy. This is perhaps inevi- 
table in a field that combines so much 
scientific complexity and economic ne- 
cessity. Furthermore, who can forget 
the birth pangs of nuclear energy at 
Alamagordo and Hiroshima? 

Nevertheless, a great deal of the re- 
cent controversy has revolved around 
a misunderstanding ,over the nature 
and meaning of the standards by 
which nuclear power plants are regu- 
lated. In discussing these standards, 
we must refer to a quantitative unit of 
radiation exposure, the mlllirad, or a 
thousandth past of a rad. 

The phvslcal definition of the rad 
unit (the delivery of 100 ergs of energy 
per gram of target) is less pertinent 
than the observation that we live in a 
natural radiation background of at 
least 100 millirads per year at sea 

,level. Another related unit is the rem 
(for rad-equivalent-man), which takes 
account of differences in biological 
hazard of different forms of radiation, 
For present purposes, the rem is prac- 
tically interchangeable with the rad. 
/ The radiation background stems 
from inescapable sburces like cosmic 
rays, and the breakdown of a long- 
lived isotope of potassium, K-40, which 
occurs everywhere in nature and in 
our own bodies. This background level 

u can be doubled and more by increased 

s . 
- exposure,,rays at higher altitudes, and 

by living u1 natural or man-made eaves 
J\ of granite and other stony materials. 

Besides the background, the main 
source of radiation exposure today is 
X-rays used for purposes of medical 
diagnosis. This averages out to some 50 
to 100 millirads per person per year in 
the United. States. 

After World War II, several studies 
were carried out to evaluate the side- 
effect biological hazards of the mili- 
tary use of nuclear weapons, and of 
fallout from weaponstesting. The re- 
sults, included a finding that no signifi- 
cant health effects ,were expected 
among individuals who might receive 
an additional 500 millirads per year; as 
a further precautionary measure, it 
was suggested that the general popula- 
tion be permitted exposure to no more 
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than one-third this level. These find- 
ings then established the now famous 
standard of a “population-permissible- 
dose” of 170 millirads per year. The 
standard was supported by a variety of 
further reviews of the subject and be- 
came a formal tool of safety regulation 
by the Atomic Energy Commission. 

A Misplaced Issue 

I N RECENT YEARS, the standards 
have come under sharp attack, 

particularly by Drs. John W. Gofman 
and Arthur R. Tamplin, physicists at 
the AEC’s Lawrence Radiation Labora- 
tory. These scientists were joined by 
an army of environment:.lists who 
have succeeded in imposing serious de- 
lays on the licensing and construction 
of new plants. My remarks here are 

confined to the health implica- 
tions of environmental release of ra- 
diation from nuclear power plants. 

Much of the battle has been fought 
over an unfortunately misplaced issue, 
the legitimacy of the 170-millirad 
standard. The attacks were founded, 
less on new evidence than on a new 
outlook about the protection of public 
safety in the face of continued uncer- 
tainty. In my own writings, I had ex- 
pressed my concerns about this uncer- 
tainty, in the mistaken belief that the 
170.millirad standard was the signifi- 
cant issue-that is, that there was 
some possibility that the growth of nu- 

clear power might reach that #andard 
in the foreseeable fut 
restrictive regulations 

Meanwhile, the AE 
fended the standard, 
the uncertainties. Some of its advo- 
cates also argued for the absol& 
safety of continuous low-level radia- 
tion in, a way that could not be de- 
fended by scientific evidence. Their ar- 
gument is not necessarily ong or im- 

Tl plausible; it is merely too u certain to 
rely upon in arguments about public 
safety. 

In my own view, there were m 
uncertainties about the level of biol 
ical hazard that could be expe 
from doses like the standard. I. 
lieved that the GofmanaTamplin calti- 
lations, of 16,000 or 
cancer cases a year, 
large over-estimate, 
ing a series of worst 
in a long chain of 
could not be absolut 
figure like that was exclu 
believe it, however, my main rem 
would be to accelerate researcl&on 
shielding ourselves from or develr#ng 
antidotes to the natural radiation .&k- 
ground, and to place far more strln- 
gent controls on the ma@ actual 
sources of artificial r 
medical X-rays. 

It was possible to m 
even more alarming cal 
eventual genetic hazar 
the radiation background. l&ubIing 
this would result in a 10 per &it in- 
crease in the rate of genetic mutation. 
This would eventually have a.health 
cost that I estimated might reach $10 
billion per year for the U.S. popula- 
tion, equal to the estimated present 
cost from the natural background. Just 
how alarming this calculation is de- 
pends on how one looks at it. One’16 
gitimate criticism is that we should not. 
confuse eventual with present costs. I 
need invest only $1 million today at 6 
per cent compound interest, to be 
worth $10 billion in 158 years, which is 
somewhat sooner than “eventually” 
from the standpoint of the genetic haz- 
ard. 

Unfortunately, we do not Fw 
much more about the time-coly’se 
which the genetic bill myst be 

f 
wit aid,:. - 

cept to say that some smalli ra&lon 
will be presented in the ne 
tion. A conservative way to 
in dollar terms is to guess at 
cost of $2 billion for the hypqthe 



doubling of radiation exposure oyer 
natural background. This number can 
also be expressed as gn annual tax of 
$10 per capita for &e benefits of 
large-scale &%ar. $ver technology, 
if it opera&d ne& the l&it of the es- 
tablished stydard. 

Low Expoh& Data 

B UT THE WHOLE exercise may be 
an empty game in the light of ac- 

tual practice. For years, the AEC has 
professed the, goal of reducing the ra- 
diation risk to the “lowest possible 
value.” Being both the advocate and 
the policeman, however, the AEC was 
obviously not trustworthy. It was diffi- 
cult to understand what “lowest possi- 
ble” might mean in the light of the 
AEC’s defense of the 170-millirad , 
standard. Did it mean that newly li- 
censed reactors might, in the near fu- 
fum, disseminate 168millirads? 

In recent months, the AEC has pro- 
duced new fig&es that throw a com- 
pletely different light on the problem. 
They claim that the U.S. po&lation 
today is exposed to an average ;I’adia- 
tion level of less thaq .OOl milllrads 
per year from nuclear power plants. 
This is so inconsequential compared to 
background that it would be impossi- 
ble to determine by direct measure- 
ment. The figure is calculated from 
the known, and regulated, limits of ra- 
diation measured at the boundaries of 
nuclear power plant sites. Physical 
laws can be calculated for the rapidly’ 
decreasing levels of radiation exposure 
away from ‘those boundaries. At the 
boundary, plant safety regulations 
hold it to 590 millirads per year; in 
fact most plants have operated at only 
a small percentage of that allowance. 

Furthermore; AEC chairman Dr. 
Glenn Seaborg said in a recent speech 
that these regulations will safeguard a 
growing nuclear power industry so 
that average radiation exposure “from 
radioactivity in effluents released from 
nuclear power plants and chemical re- 
processing plants during normal bpera- 
tion even in the year 2090 will be sub- 
stantially less than 1 miilirem.” In 
view of the much higher level of the 
natpral background and its fluctua- 
tiofis, this would be a totally reassur- 
ing resolution of the controversy about 
standards. It would entail a nuclear 
health tax of less than 10 cents per 
person, ‘very small in relation to the 
general economic benefits of nuclear 
energy and thei- _ tllbnuaet, of smog- 
generating fossil f% i!++‘i’. 

The about this 

The prediction of a low future Value of 
radiation expdsure is agersuasive jus- 
tification of’ present &licies; but this 
falls short of h .%&I ‘bs,vance that 

&red if the calcu- 
,to w revised. 

Radiation Rebates? 

F ROM THE STANDPOINT of prac- 
tical politics, of course, a state- 

ment like Dr. Seaborg’s already car- 
ries great weight in shaping the 

‘boundaries of what the public will ex- 
pect and demand. Nevertheless, the 
critics may still say that if these calcu- 
lations are firm enough for responsi- 
ble announcement, only some tinister 
motive ctin account for failing to incor- 
porate them into an explicit policy. 
What can hinder making a commit- 
ment that the nuclear energy program 
will be designed tp keep ita contribu- 
tion to public exposure to radiation 
within a small fraction of the natural 
background? This approach would, of 
course, bypass the disputations of the 
biologists. 

One hindrance is thF.Bx+sible confu- 

The best anSw 
dollar analogy. The cost. calculation al- 
ready mentioned would suggest tl@ 
the lO-millirad householder might have 
to pay an involuntary health tax wo@h 
$1 a year. To quiet the argum!?nt, be 
might even be entitled to a utility-bill 
rebate or income-tax reimbursemenp’of 
that level; reasdnable men might also 
be willing to forget ‘it, aS the smallsst 
inequity in the compromise of per- 
sonal and socia! needs. 

,The same tax in national ter;hs 
would be $209 million a year, ju@y- 
ing quite a bit of public attention._It 
would, for eqample, finance much,‘bf 
the expansion of cancer research tlr$t 
is being debated at the present time.; 

The translation of health costs’into 
dollars may be offensive, but helps 
give us a standard of ,decision for 
meeting opport 

and health. The cost analy- 
sis summarized in this ar- 
ticle may be criticized* 
but it leaves little ro&m 
for further inflation of 
the perceived value of 
health -- this was set at 
a fourth of our GNP and our policy options Gould 
not really change very 
much if we changed that 
proportion to embrace all 
of it. 


